Abstract. According to the practical condition and traditional design parameters of the oblique hole drilling, the mechanical model for the oblique hole drilling is established. With the finite element analysis software, two conditions are analyzed: the bit is not completely drilled into the workpiece, and the bit is completely drilled into the workpiece. At the same time, the effect of coaxiality error on the bit life is considered, and the influence law of the drill bush radial parameters on the bit life is analyzed. Then, the pre deformation method is adopted to solve the statically indeterminate problem by using the finite element software, and the comprehensive life analysis method for the bit life under multiple conditions is presented. Compared with the production in the enterprise, the theoretical analysis is consistent with the actual situation. The analysis shows that the feed rate of the oblique hole drilling and the coaxiality error are the key factors affecting the bit life.
Introduction
The drill bit is under the action of alternating stress at work, including the feeding force, cutting force, back force, the force of the inner wall of the drill bush, and the force of the inner wall of the hole, etc.. Because of the relatively poor working condition, and the shape constraints of the drill bit itself, the bit cuts at the single edge when working. The effect of the cutting force on the bit is to apply torque, the effect of the back force is to apply bending moment, and the feeding force acts along the axis of the drill bit. Moreover, due to the deformation of the bit, its contacts with the inner wall of the drill bush and the hole are point to point. So the point force acts on the bit. The space between the bit and the inner wall of the hole is about 0.01mm.
Although the bit is under unreasonable forces in the oblique hole drilling, the enterprise has to adopt the oblique hole drilling due to the structural limitations. The drill break occurs frequently. Fig. 1 illustrates a broke bit. Because of the unconventional cutting mode, the comprehensive analysis of the reasons for the bit break can not be presented easily. At the same time, because of the complex structure of the bit and the multiple forces on it, it is not easy to calculate the magnitude of the force, and it is difficult to build the mechanical model exactly. Because it belongs to high order statically determinate problem, the finite element software can not be used to solve it directly. A new calculation method needs designing. It is very difficult for the enterprise to improve the theoretical cutting parameters. Then lots of experiments have to be done. In order to reduce the cost, it is very necessary to identify the drilling process theoretically, and improve the processing parameters and the method rapidly and comprehensively. Therefore, it is of great theoretical significance and practical significance to establish the mechanical model of the oblique hole drilling and analyze the reasons for the bit break. The Analysis of the Forces and the Conditions in the Oblique Hole Drilling. The drill bush must be installed in the directly oblique hole drilling. In the working condition, the bit is under two forces which dynamically act. According to concrete operation, the drilling process is divided into two kinds of installation forms. One is the normal installation; the other is the abnormal installation. We define three conditions. The first one is that the bit is not completely drilled into the workpiece. The second is that the bit is completely drilled into the workpiece. The last is that the bit is just drilled out of the workpiece. In this paper, only the former two conditions are concerned. (Fig. 2 and Fig. 3 illustrate the two states). Table 1 . From calculation, we obtained the following data. The cutting feeding force is Ff=209N, the back force is Fp=54.6N, the cutting force is Fc=252.8N. With the cutting force we can get the cutting torque Mc=Fq * r, where r is the radius of the bit. The data are listed in Table 2 . Table 2 The structure parameters of the drilling mechanism
The Simulation Analysis of the Drilling. The bit is a non-smooth cone, but it is constrained by a statistically determinate restraint in working. So it is a one order statically determinate structure. If the bit is completely into the hole, it is a two order statically determinate problem which is difficult to calculate by the traditional methods. Thus, the finite element software is adopted to calculate the forces on the bit, and the process is simulated with the traditional design data. In the analysis of the forces with the finite element software, fixed constraints are added at a distance of 25mm from the top of the bit, coupled with the known force, and the statically determinate constraints. The size of its deformation is in tolerance zone, so that the static force is determined. The size of the drill bush is , the size of the bit is .We consider the coaxality error of the drill bit and the
drill bush to be a half of the tolerance, namely 0.009mm. Three conditions are considered. The first is that the bit is not completely into the workpiece. The second is the normal cutting when the bit is completely into the hole. The third is that the bit is through the workpiece. After considering the three effects and calculating the principal stress of the danger point, we compare the two individual stress and principal stress. It can be seen that the flexural bucking of the bit should be considered in simulation before checking. The stress in different conditions is shown in Fig. 4, Fig. 5, Fig. 6 and Fig. 7 . We define the first working condition is that when the bit is not completely into the workpiece, and the second working condition is that when the bit is completely into the workpiece. Finite Stress map without considering the coaxiality error in the second condition Figure 7 .
Finite Stress map without considering the coaxiality error and increasing the feed rate by a half in the second condition When the bit is not completely into the workpiece and considering the coaxiality error, we select a unit in the positive direction of Y axis. The maximum stresses are as follows: 


The Life Analysis
The Calculation of the Maximum Principal Stress of the Workpiece. When the bit is not completely into the workpiece and not considering the coaxiality error, we consider the stress in the positive direction of Y axis.
The experienced formula of three dimensional stress state is presented as follows: (1) The above data are incorporated into formulation (1), then and can be calculated by
, .
To get the stress in the negative direction of Y axis without considering the coaxiality error when the bit is not completely drilled into the workpiece, the above data are incorporated into formulation (1) , and the results are also can be got by Matlab :
, . 

The stress in the negative direction of Y axis considering the coaxiality error when the bit is not The Calculation of the Life. The bit is under the action of alternating stress. There are interaction between the force in the positive direction of Y axis and the force in the negative direction of Y axis. In the selection of the maximum stress, to save a margin for the actual working state, we assume that the unit is under the maximum stresses both in the positive and negative direction of Y axis.
(1)The life calculation with the stress not considering the coaxiality error when the bit is not completely drilled into the workpiece.
In this condition, the maximum and the minimum stress are as follows:
, . The working cyclic stress amplitude can be calculated as follows:
The average stress can be got:
According the formulation (2) 
We assume that the thickness of the workpiece is 25mm, and the drill length is 5mm, then the number of the stress cycle needed by one hole can be calculated as follows:
The numbers of the workpieces machined by a bit under the normal condition can be got: 
According the formulation (2), we can get 
The numbers of the workpieces machined by a bit under the normal condition can be got: In this condition, the maximum and the minimum stress are given as follows: 
We assume that the thickness of the workpiece is 25mm, and the drill length is 5mm, then the number of the stress cycle needed by one hole can be calculated as follows: (2) The feed rate is the main factor affecting the life of drill bit, and it is also changeable factor leading to the changes of the actual work.
